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ABSTRACT 
Step into the 21st century, peoples’ life style has been through a tremendous change in every aspects 
attribute to the internet though it is the business of the just near period in time in nuisance. 
Developed technology and products such as computer, tablet, smartphone and all sorts of digital 
devices expanded and enlarged the way to touch and absorb information for human being from 
external sources, and also created new manner to convey one’s inner thought; meantime it also 
creates a huge amount of information during every single second. The world's technological per 
capita capacity to store information has roughly doubled every 40 months since the 1980s; as of 
2012, every day 2.5 Exabyte (2.5×1018) of data were created. These large and complex collected 
data sets, also known as big data causes high difficulty to process using on-hand database 
management tools or traditional data processing applications. There has no doubt that the core 
information behind the massive data would lead to a high improvement of the application of 
technology. There has already multiple visualization applicants or implement in a variety of fields. 
Visualize from disordered a crowd of both tangible and intangible information to get access to 
logical and serviceable result has a significant consideration in general. Along with the explosion of 
information, information visualization has played a more and more important role in many fields. In 
such an era, the studies of data analyze, data manipulate, structure, information, and knowledge and 
approach to achieve appropriate visual display and representatives, has significant meaning in 
present. It is a bridge to connect the virtual information to actual understandable cognize. And 
diagrams, as a major part of data visualization, has evolved its performance abilities in centuries. It 
is considered as one of the most efficient and simple way to express and convey the information.  
And in our study, it is concluded by two sections: first, we conducted a historical research and 
visualization method research especially focused on our main topic of diagram form of 
representations. According to our research on the history of visualization, the result shows using 
graphical turn of expression to assist in thinking has an ancient and venerable history. What is new is 
that the evolution and development of computer technology which improved the possibility for the 
manner of what we see, and how we see.  
During the research, we reviewed the history and evolution of diagram form of representations and 
concluded how diagram has constantly evolved with the development of computer technology on 
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several viewpoints. Based on the conclusion, we continued an exploration on creating new diagram 
type of representation through a verbal description. This part of study on verbal description presents 
a brand-new perspective of approach on analyzing variables for visual representation. By means of 
comparison on descriptions result, we concluded that our approach could contribute to analyze 
potential variables for creating new diagram of representation base on structured data. Furthermore, 
by defining and analyzing the core factors and elements of the common visual representations, we 
learn the differences between each type of visual output which possibly could provide us hint to 
breakthrough for new form of data visualization. 
And for the second section of this study, we conducted a basic research on various mainstream 
visualization tools and display models to understand the current status of data visualization. For this 
section, we conduct a classification for visual representations especially on diagrams and charts in a 
perspective of human intentions. We propose the application for this model in terms of data 
visualization process in prospect. We expect this classification model to contribute to a guidance and 
improved expand of the existing visualization process. As we classified the human intentions into 
five categories including specific figure samples, when human interaction be involved in during the 
visual form process, our proposed model could provide a reference for user to judge and point out a 
rather clear direction for creating appropriate visual display and representations for structured data 
especially from those in table form. Also, according to which visual display users are intended to 
achieve, the proposed model could guide the path to the source of required data form back forward 
the process.  
At the end of this research, we introduced several use cases based on our study on diagram and data 
visualization. In these use cases, we provide another perspective on the subject of limitation refer to 
the common visualization. Furthermore, by utilizing our proposed hypnosis we refined our design 
process and verified that our proposal could help to discover new direction on creating new form of 
visual representations.  
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1. Introduction 
1.1. Background 
This is a common knowledge that human being is visual animal. Visual access to information is one 
of the most intuitive and most direct means to acquire knowledge.  
"Use a picture. It's worth a thousand words."  
A very vivid sentence that first appears in a 1911 newspaper article quoting newspaper editor Tess 
Flanders about discussing journalism and publicity. [1] 
Figure 1. 1913 newspaper advertisement 
"One Look Is Worth A Thousand Words" (Figure 1) 
Also, a similar phrase appears in a 1913 newspaper advertisement for the Piqua Auto Supply House 
of Piqua, Ohio. Both indicated the essential meaning of visual to people directly on a text base. [2] 
Beside this sort of direct public messages that pointed out the importance of visual, we could also 
find out its clue when looking back the evolutional history of our human being. We have been 
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conveying information through visual representations since the Cave of Altamira [3]. That is more 
than 12000 years of history. Therefore, it’s not difficult to firmly believe that there is an undeniable 
significance of visual language. 
According to Friedman (2008), "main goal of data visualization is to communicate information 
clearly and effectively through graphical means. It doesn’t mean that data visualization needs to look 
boring to be functional or extremely sophisticated to look beautiful. To convey ideas effectively, 
both aesthetic form and functionality need to go hand in hand, providing insights into a rather sparse 
and complex data set by communicating its key-aspects in a more intuitive way. Yet designers often 
fail to achieve a balance between form and function, creating gorgeous data visualizations which fail 
to serve their main purpose  ̶  to communicate information". [4]  
Furthermore “See” is also considered as one of the most important sense for human to perceive the 
whole world.  “The ubiquity of visual metaphors in describing cognitive processes hints at a nexus 
of relationships between what we see and what we think…The interweaving of interior mental 
action and external perception is no accident. It is the essence of how we achieve expanded 
intelligence”. It is also nearly to be one human instinct as intelligent animal: “important classes of 
the external aids that make us smart are graphical inventions of all sorts.” [5] 
Now today, we are stepping into an era of information, one can consider the visualization as 
indispensable measure to human for expression and converting information, it comes up with one 
never ending subject of how to conduct visualize, for what kind of information, and to what form of 
visual language is more appropriate.  
Apparently, the current knowledge of several visualization methodologies cannot be fully applied for 
diversified information. As well as a series of unknown kind of information in the future is expected 
appear. That brings us the main topic of this research: How we should visualize along with the 
evolvement of information, how people could judge the acceptance of new visualization method and 
its effectiveness of application, and how one could create new form of visualization.  
At present, one of the hottest section fields under such a high developing information era would be 
data analysis. Visualization is also usually considered playing a very significant role in data analysis 
field to not only express the information but also draw insights from those growing amounts of 
information. Visual representations that are generated from data help data scientists make sense of 
the structure and underlying patterns that may be held within the data. Even before any serious 
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computation or high technology begins, manually drawing on the paper has been the first step of the 
journey of data visualization. Then along with the development of computer, as well as smaller 
individual device such smartphone and a very popular topic recently appeared which called virtual 
reality technology in other fields, many people believe that the implications of these growing 
presence technology will bring our life to another level. And at the same time a lot of examples also 
showed that computer technology could affect how we conduct the visualization. The bar graphs and 
pie charts are still doing their job of providing simply and powerful headline Figures, however today, 
the data world requires a far more granular method of presentation and output to tell the full story of 
large amount information. It requires being simple for the user to identify and highlight correlations 
between perhaps billions of numbers. In 2015, Ekaterina’ survey report [6] indicated that data 
visualization methodology may be improved by considering fundamental cognitive psychological 
principles and by implementing most natural interaction with visualized virtual objects. And new 
representations keep emerging every day, we believe the representation of visualization or the 
method to implement the visualization process still has a great potential for development.  
So far, many well-known tools, professional or un-professional, that are specifically designed for 
people to do visualization. Especially for visualize numerical data, software like Microsoft Excel, it 
provides template for user to generate simple, standard graphical representations such as bar charts 
or pie charts. But in the other hand, for designer, other more unique graphical tools such as Adobe 
Photoshop, Adobe Illustrator, also used in order to make customized or more creatively 
visualization.  
However, in all cases, people are limited in exist specific templates or interface. These limits force 
us to think about and specify visualization in a rather fixed environment and whether or not an 
alternative approach might be warranted. We believe this is another big challenge for creation. Also, 
if looking back to some visualization samples in the past, we could find some of them still have not 
changed much since they created. We believe that as creative as human being, even with limited 
form of numerical data itself, we could produce more innovative visualization.  
1.2. Research Objective 
In our study, we mainly have three objectives as following: 
A) To resolve the birth and development of the information visualization and understand the 
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history and present 
To resolve the birth and development of the common representations and understand the 
construction and tendency of representation for numerical data such as charts and diagrams, we 
believe a study on the evolution of visualization and mainstream visualization tools could enhance 
our knowledge on the topic of visual representations.  
B) To understand what are the human intentions with data during the visualization process 
Data visualization contains both the information of data and information that one would like to 
convey by it. In this research, we believe it is necessary to study data visualization on both 
subjective and objective perspectives.  Beside the objective conditions such as data itself, we believe 
that human intentions play an important role during the visualization process. It is important to learn 
how human mind influence the output visualization according different intentions and decisions.  
C) Explore the potential of visualization and achieve a better understanding between human 
and machine   
We propose a human intentions oriented classification model and a verbal description schema 
including an overall description for general diagrams. We expect our proposal could contribute on 
the process of creating new form of visualization. Also, by defining and analyzing the core factors 
and elements of the general diagrams, we could learn the differences between different type of 
visualization. By using the proposed model, we expected to create new type of visual representation 
and conduct the visualization process in a different way. 
1.3. Target of research 
Visual Representations for  numerical data including charts, diagram and other display methods 
1.4. Process of research 
Human beings are easily affected by the common patterns and induce to a set pattern for visualizing. 
As a consequence, when dealing with information, the model of a fixed thinking would make people 
be hedged in with rules and regulations and hard to be creative. We consider it gives the limitations 
to the current situation of information visualization. How we could think outside the box, then find 
out more potential of visual representations, diagrams, and charts, is our major purpose in this 
research. It’s necessary to have a different entry point that could contribute to the diversification 
development of data visualization. 
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To achieve our goals, we need to follow the root. So, our first step in this research is to understand 
both the history and current status of information visualization. For this part of subject study, it 
contains two sections. The first section of our study is a historical research and visualization 
methods research especially focused on our main target of diagram form of representations. And for 
the second section of this study, we conducted a basic research on various mainstream visualization 
tools and display models to understand the current status of data visualization.  
For the first section, we searched nearly hundred samples of graphical representation on internet use 
10-year as units that related to information visualization. These samples are collected based on their 
popularity and how they related to the common diagrams that have been widely applied even in 
nowadays. After we compared the common diagrams with collected samples and filtered out over 
fifty samples can be used for this research that from pre-17th century to the present day. We 
conducted a research with collected samples by sorting their development timeline and concluding 
the features of them in four review points. And combine with our study on output primitives of 
visual representation, we proposed a verbal description schema to describe diagrams and extract the 
patterns between different types of diagrams.   
Then, we conducted a study on topic of data visualization, researched on the basic process of it and 
compared several different visualization process theories. This research is based on several 
visualization models and visualization process models in existence, which are Bertin's model, Card’s 
visualization reference model, Colin Ware’s Visualization process, Jonathan C. Roberts ’s 
Visualization Display Models [7 - 10].  All these existing models have generalized the visualization 
methods in a more objective view. For the middle part of this research, we also studied serval 
visualization classification models and conduct comparison among them. 
By analyzing the existing models, we sort out the limitation and problems for current methodology 
when apply to the visualization process. Combine our study on what forms a diagram and how data 
processed into visual when human involved. By understanding the internal factors and external 
factors that influence the process of data visualization, then we proposed a model in a perspective of 
human intentions that could serve our purpose on contributing to create new visualization from a 
different perspective.  
And last, we use the proposed visualization model as a guidance to reveal several common 
representations to rather innovative and different from compare to the current visualization. 
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Furthermore, we carried out case study using the proposed method as verification. 
The whole flow of this study is demonstrated in Figure 2. 
Figure 2. Research Flow 
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2. Research process 
Chapter 1.  Subject Study 
2.1.  Information and Data 
Before we visualize information, it is required to acknowledge the definition of information. 
Information has a wide range of definition if one try to explain depend on different perspectives. A 
boarder understanding of information means any form of answers to a corresponding question. On 
the other way of a narrow sense, it normally considered as data and knowledge. As we could count, 
things such as word, picture, sound, or human thought, emotions, ideas, either abstract or not, could 
all be sorted as information. As a result, the uncertain range of information added unsolvable issue 
for the process of visualization. Also, along with the rapid development of digital technology the 
tremendous amount of data is another obstacle for one to visualize. Just as Colin Ware once 
mentioned in his past work, “Unfortunately, the classification of data is a big issue. It is closely 
related to the classification of knowledge, and it is with great trepidation that we approach the 
subject.”[11]  
Regard to the knowledge of data, it is considered that there has two type of data, structured data and 
unstructured data. Structured data refers to any data that resides in fixed field within a record or file, 
and the unstructured data in the other way contains any other sort of information that does not have a 
pre-defined model or is not organized in a pre-defined model such as words, visuals, etc.  
In this paper, we intend to narrow down the scope of information visualization to a relatively smaller 
scale of structured data based visualization. And to be more specific, we put our research target on 
diagram form of visual representation especially based on structured data.  
2.2. The evolution of Data visualization 
Among all types of visual representation, diagram is considered to play a significant role for data 
visualization. It is applied to draw insights from the growing amount of information that is generated 
and helps people make sense of the structure and underlying patterns that may be held within the 
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data, even before any serious computation begins. The journey of data visualization started with 
manual drawing on paper, but the appearance of the computer and the smartphone brought enormous 
changes. As tracing the path how data visualization developed in past centuries, we suspected that 
visualization is rather a tool-driven process. The more evolved of the tool or the technology, the 
more performance ability we could reach. However, it also constrains the user to consider and 
specify visualization in a rather fixed environment, whether or not an alternative approach might be 
warranted.  
Michael’s research gives us an overall timeline to show how the visualization evolved and changed 
[12]. It is considered that quantitative data visualization appeared in the field of statistics and 
analytics quite recently. According to his study, he believed the main precursors were cartography 
and statistical graphics, created before the 19th century for the expansion of statistical thinking, 
business planning and other purposes [13]. The evolution in the knowledge of visualization 
techniques resulted in mathematical and statistical advances as well as in drawing and reproducing 
images.  
To verify his conclusion, explore more of how diagrams evolved, and understand the construction 
and tendency of diagram form of representation, we searched nearly hundred samples of graphical 
representation on internet in 10-year units that related to information visualization. The following 
section is a summary of features in each period.  
2.2.1. Pre-17th Century Geographic 
Geographic visualization is considered the very first type of information visualization after the print 
technology invented. Up to 17th Century, the usages of information visualization are quite limited. 
During our research of the representations for information, map could be considered to be the most 
common form that used for surveying and especially for exploring and recording the new discovered 
land in this period. One of the famous visualization in history could be the picture 4 in Figure 3, Ulm 
Ptolemy World Map created by Claudius Ptolemy in 1482. Before it, most maps are rather like a 
paint or art. They have limits on providing enough information and not very precise to be used as 
guidance, but from this map, people tended to add content to represent more functions on graphs. 
And by 16th century, the map contains more accurate information such as longitude and latitude. 
Also, as in the world map created by Flemish-German cartographer Gerardus Mercator in 1569, we 
could clearly see the detailed scale of the map.  
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Figure 3. Pre-17th century geographic visual representations 
1. World Map by Al-Idrisi, 1154 
2. Hereford Mappa Mundi, 1300 
3. Kangnido Map by Kwon Kun, 1402 
4. Ulm Ptolemy World Map by Claudius Ptolemy, 1482 
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5. Universalis Cosmographia by German cartographer Martin Waldseemuller, 1507 
6. World Map by Portuguese cartographer Diogo Ribeiro, 1529 
7. Map of Lotharingia (Lorraine) by Flemish-German cartographer Gerardus Mercator, 1595 
8. Atlas maior, Commercial Cartography by Joan Blaeu, 1662 [14] [15] 
Figure 4. Zoom in detail of map created by Gerardus Mercator in 1595 
2.2.2. 1600-1699 Time axis 
For 17th century, the content of visualization has been developed by adding more dimensions into the 
representations such as time. And the idea of adding longitude into the representations is first 
appeared in the first known statistical graph created by Micheal Florent van Langren in 1628. We 
could see the most extension from the previous visualization is adding timeliness. The famous sun 
spot observations diagram created by Cristoph Scheiner is a great example that visualized both 
information and the change of information during a certain period.  
1. Tree of Science from Ramon Llull, Arbol de la ciencia de el iluminado maestro Raymundo 
Lulio, 1663  
2. The Tree of Man's Life by John Goddard, ca. 1639–50 
3. Rosa Ursina by Cristoph Scheiner, a model of sun spot observations, 1630 
4. The graph and table of determinations of longitude, from the letter of van Langren to 
Isabella Clara Eugenia, 1628 [16]  
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Figure 5. Periodical and timeliness representations for information appeared during 17th Century 
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2.2.3. 1700-1850 Statistical 
For late 18th century and 19th century, it was the time of statistical visualization. It is the biggest 
feature in this period. Various charts and graphs have been invented in this period such as bar chart, 
pie chart, histograms, line chart, etc.  
Joseph Priestley’s chart could be the most influential visualization in history. The unique feature is 
how he used historical chart to visualize information that are so abstract such like history and 
culture. And the two representation works indicated his unique thinking on visualization and they are 
not just visualized historical data but also could be read as geographic (Figure 6, 7). 
Figure 6. A Chart of Biography, Joseph Priestley, 1765 [17] 
Figure 7. A New Chart of History: A View of the Principal Revolutions of Empire that have taken 
place in the World, Joseph Priestley, 1769[18] 
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In this period, another significant person that did huge contribution to visualization is definitely 
William Playfair. He invented lots of charts that are still very effective even now, nearly 200 years 
later (Figure 8). He is also considered as the very first person that using line to display the numeric 
values and numbers. He describes his concept of it in the following sentence: 
“As the eye is the best judge of proportion, being able to estimate it with more quickness 
and accuracy than any other of our organs, it follows, that wherever relative quantities are 
in question … this mode of representing it is peculiarly applicable; it gives a simple, 
accurate, and permanent idea, by giving form and shape to a number of separate ideas, 
which are otherwise abstract and unconnected.”[18] 
As we could tell from his words, it explained the ability and merit of using visualization to 
representing information and data. 
Figure 8. Statistical diagrams created by William Playfair 
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1. Exports and Imports of Scotland to and from different parts for one Year from 
Christmas 1780 to Christmas 1781, William Playfair, The Commercial and Political 
Atlas, 1786 (3th ed. edition 1801) 
2. A The Universal Commercial History, William Playfair, 1805. 
3. Chart of A Good Mechanic from 1565 to 1821 (Shewing the value of the quarter of 
wheat in shillings & in days wages), William Playfair, 1821 
4. Prices of wheat and weekly wages Chart from 1565 to 1821, Wiliam Playfair,1821 
5. Time series graph of trade balances, Exports and Imports to and from Denmark & 
Norway from 1700 to 1780, The Commercial and Political Atlas, 1786 
6. Time series graph of trade balances, Exports & Imports to and from Ireland from 1700 
to 1800, The Commercial and Political Atlas, 1786 [19]  
Figure 9. Important Statistical graphics created by William Playfair during 1780 – 1825  
7. Linear Chronology, Exhibiting the Revenues, Expenditure, Debt, Price of Stocks & 
Bread, from 1770 to 1824, William Playfair, 1823 [20] 
8. Chart of the National Debt of England from 1688 to 1800, William Playfair, 1823 [21] 
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9. Chart of the extent of population and revenues of the principle nations in Europe, 
William Playfair, 1805 [22][23] 
Figure 10. Data visualization samples that visualized multiple dimensions during 19th 
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2.2.4. 1850-1950 Multiformity 
For this period, the representation for information and data contains more dimensions than 
before. The feature of this period is multiformity. It is considered that influence by Edwin 
Abbot. He published a novel named “Flatland” in 1884, which suggested the possibility of 
viewing in 4 or more dimensions even. The concept of multiple dimensions inspired people 
created representations for data such as the “Rose diagram” by Florence Nightingale, the Map of 
European Cotton Imports during the American Civil War by Minard. Especially, one of the first 
3D representations for data appeared in this period, created by Luigi Perozzo. (Figure 10,11) 
1. Thematic Map of the Successive Losses of French Soldiers in the Russian Campaign, 
created by Charles Joseph Minard, 1812–1813. 
2. Rose Diagram “Mortality of the British Army” invented by Florence Nightingale, 1858 
3. Map of European Cotton Imports during the American Civil War, Minard, 1866 
Figure 11. One of the first 3D representations of data showing the age group of the Swedish 
population between the 18th and 19th centuries, created by Luigi Perozzo, 1879 
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Also, the “Phylograms” for representing the concept of networks which created in 1912 is also very 
special visualization form comparing to the previous samples. As show in the following figure, this 
two diagrams, we could see the creator invented two formats of networks, a radial or circle format 
and a vertical format, but it is very interesting that both visualizations are based on same type of 
structured data (Figure 12).  
Figure 12. A network type of diagrams created by H. Estabrook and Charles B. Davenport in 1912 
5,6 The Nam Family: a Study in Cacogenics (Arthur H. Estabrook and Charles B. 
Davenport. 1912. Eugenics Record Office Memoir No. 2. Cold Spring Harbor, NY). Two 
large pedigrees are presented, representing the genealogies of two different parts of the 
extended family in a place called "Nam Hollow". One of these pedigrees is drawn in the 
vertical format, with the earliest generations at the top. The other pedigree is drawn in the 
radial format, with the earliest generations in the center.[24] 
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2.2.5. 1950-present Digitalize 
The feature of this period is digitalize. From last century to present, along with the improvement 
on visualization equipment by the computer technology and more completed theory study and 
methodology, people now could achieve a more expressive and interactive representations for 
data and information. As Michael Friendly mentioned in “A Brief History of Data Visualization”: 
“From this history one may also see that most of the innovations in data visualization arose from 
concrete, often practical goals: the need or desire to see phenomena and relationships in new or 
different ways. It is also clear that the development of graphic methods depended fundamentally 
on parallel advances in technology, data collection and statistical theory.” [25] 
Nowadays, people are able to create representations to express more complex information that 
with more dimensions. Furthermore, as we could see through the examples as below, some 
component or the core concept that consist of the representations has not change much since 18th 
(Figure 13). The contribution by William Playfair for data visualization still influences people so 
much even after 200 years. His work has definitely changed people’s view on visualization.  
1. “Over the Decades, How States Have Shifted”, a diagram that shows how the states 
stacked up in the 2012 election and how they have shifted over past elections via New 
York Times online, 2012  [26] 
2. Reshaping New York, published at New York Times, 2013 [27] 
3. RESAS, Regional Economy Society Analyzing System, [28]  
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"  
Figure 13. Modern age information visualization 
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"  
Figure 14. Landscape of evolution of diagrams and visualization methods, samples mapping in a 
timeline of their creation time or period. Samples sources: [1-28] (full version attached in Appendix) 
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How we could think outside the box, then find out more potential of visual representations, that is 
our major purpose in this research. While column chart and pie graph perform the job of providing 
easy way to understand information, today’s audiences require much more. Nowadays, there has 
software tools from several sectors are specifically designed for visualization. Some software 
provides user to generate simple, standard data graphics and diagrams, however it only provides few 
visual variables such as color, size to adjust the output. Therefore in other case, much more unique 
tools such as Adobe illustrator or Photoshop are used to generate customized or more creative 
representations even though they are not specifically designed for data visualization or diagram 
generation. For the former cases, the digital tools usually provide categorized visualization templates 
or examples therefore user has no need to start from zero. It simplified the thinking and creation 
process but in the other hand it causes limitation of imagination. It’s necessary to have a different 
entry point that could contribute to the diversification development of data visualization.   
Firstly, to understand the construction and tendency of diagram form of representation, we searched 
nearly hundred samples of graphical representation on internet in 10-year units that related to 
information visualization. However, not all of them are precisely visualization for structured data. 
From our previous research, we have known that among the general data visualization software and 
tools there have about twenty diagrams are widest applied. We compared these common diagrams 
with collected samples and filtered out over fifty samples can be used for this research that from 
pre-17th century to the present day. As for deepen the study, we conducted a research with collected 
samples by sorting their development timeline (Figure 14]) and concluding the features of them in 
several review points. We consider there are two major factors, subjective and objective factor, that 
influence the development of diagrams. Subjective factor comes from the creators which means 
human beings, and on the other hand the objective factor depends on the technology creators used or 
even data itself. As a result, according to both sides of factors we concluded four review points as 
following: 
1. Aesthetic view:  
The aesthetic view shows that in the early stages, particularly before the 18th century, the 
representations for data and information were like a different form of painting or art. Those 
representations are the combinations of real objects as seen by people, and the conceptual 
imaginary reflection of their own cognition. Therefore, the output is not very accurate and very 
close to the reality sometime, people were more partial to use figurative elements to represent 
data. When examining these representations closely, we also found out there are many less 
relevant or even irrelevant elements that have no connection to original data, for instance the 
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elements we destructed from a tree type of representation. We suspect that the shape and figures 
(Figure 15) are applied mostly based on creator’s aesthetic standard or culture habits for 
decoration purpose more than practicality.  
"  
. Figure 15. Elements destruction for The Tree of Man's Life created by John Goddard in 17th 
century.  
After the breakthrough of statistical theory in the 18th century, graphical elements and 
components for visualization tend to become more abstract and systematic. The minimized 
graphical components are applied also combine with concise legend that serve to data for a better 
understanding to user. Then due to the up to the reduction of decoration elements, samples from 
20th century presents a rather less aesthetic. However, recently with the development of big data, 
high dimensional visualization and infographics, the impact of the visual was recognized and 
many highly aesthetic representations are created nowadays.   
2. Function view: 
For data visualization, the function of a visual representation has a strong correlation with the 
development of computer technology. In the early age of information visualization, people created 
lots of maps or genealogical trees mainly use for guidance of exploring the world or to keep a 
record of truth and memory. With the development of computer technology, the graph or diagram 
can convey information more accurate and concise. There also has a corresponding growth in the 
media available for the display of information including televisions, computers, smartphones, 
home appliances, and other types of product. The function for data visualization evolved along 
with the products, so today, it is possible to not only “see” the representations but also “interact” 
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with them.  
3. Information dimension view: 
In the 21st century, knowledge of visualization theory, data analytics, and visual thinking has 
improved considerably. Especially with the development on statistical sciences and techniques, 
people could gather more data than ever. In additional, with the assistance of technology, the 
representations could achieve much higher information density in comparison with earlier efforts. 
    
4. Tool: 
According to our mapping result, we could see in early ages, people used hand drawings to create 
representations of information and data. This still plays an important role today especially for 
creating highly aesthetic representations. Today there are many software and digital tools to help 
create representations. These reduce time-consuming hand work and provide a more accurate 
output.  
Also, according to the research on statistical graphics by Michael Friendly, he visualized the history 
and indicated the milestones of data visualization by the density estimate of significant events of 
data visualization [29]. He also mentioned that “the Golden Age” of data visualization, what he called 
the period of high development on statistical graphics, theory, practice during late 19th century to 
early 20th century, has contributions to the visualizations today with very strong influence.  And from 
the collection of representations and visualization samples we gathered in this research, we could say 
there has minimal difference of visual thinking between the representations created in pre-computer 
era and after. Those hand drawn visual representations has such a high degree of impact that we 
could learn a lot to go forward of creating new.   
By reviewing the samples, we suspect the pattern and variation in certain elements used in different 
ways from past to present and the diagram is constantly and will be continuously evolved by its main 
function, the change of tools, also people’s atheistic standard, and cognation of data.  
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Chapter 2. Problem Research 
By analyzing these samples, we believe there has two sections of factors that influence the 
representation of visualizations. Which are internal factors such as data itself, and external factors 
such as graphic parts, tools, etc. In this chapter, we focus on this subject to clarify the factors and 
problems. 
2.3.Type of Data 
We could believe that it is Bertin who provided the fundamental statistical theory especially for data 
visualization. He was the first person that suggested there are two fundamental forms of data, which 
are data values and data structures. Then, he also provided several informal classifications of data 
classes using a number of concepts consider data is formed by two elements: 
Entities: Entities are the objects we wish to visualize; 
Relationships: Relations define the structures and patterns that relate entities to one another 
Sometimes the relationships are provided explicitly; sometimes discovering relationships is the very 
purpose of visualization. Colin also mentioned this concept has a long history in database design and 
have been adopted more recently in systems modeling. “However, we shall extend these concepts 
beyond the kinds of data that are traditionally stored in a relational database. In visualization, it is 
necessary to deal with entities that are more complex, and we are also interested in seeing complex 
structured relationships data structures not captured by the entity relationship model.” [30]  
According to Bertin’s theory both entities and relationships data include multiple attributes or 
variables, some of them could be explained as below: 
Data Dimensions: 1D, 2D, 3D…. 
Scalar quantity: such as human weight, height 
Vector quantity: such as directions, latitude, longitude, etc. 
Tensor (Higher-order) quantities 
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However, we found out it is hard to decide which is entity and which is an attribute in some cases. 
As Colin once indicated that “Defining what should be an entity and what should be an attribute is 
not always straight forward.” [31]. He also explained a fact that attribute of a certain type of data is 
equal to entity itself. Thus, most attributes could be visualized and show the relationships at the 
same time. Beside the similarity between entities and attributes, we recognize that they are both 
usually defined by numbers.  
2.4.Scales of data 
To a more subdivided, most data is consisted by a series of numbers. A widely used taxonomy of 
number scales is defined by Stevens in 1946 [32]. Stevens suggested four levels of measurement for 
numbers, which could be explained as: nominal, ordinal, interval, ratio scales. The scale of measure 
is a classification that describes the nature of information within the values assigned to variables. 
And Colin indicated that only three levels of measurement are widely used, and by the influence of 
computer programming, interval and ratio scales level of number are combined as real number data. 
Colin mentioned that “once data is represented as a visual object, it attains a kind of literal concrete 
quality that makes the viewer think it is accurate.” [33] The uncertainty in visualization is the nature 
of visual itself. It has significant meaning to show to user but still difficult to achieve. 
2.5.Inscape of the representation and its output primitives 
In general, a visual output could be categorized as Static or Dynamic. So far, we have gained the 
knowledge that data are formed by different dimensions depend on the quantitative relations. And 
when it comes to its output as graph or diagram, dimensions and scales for creating display visual 
are required. In common, four types of scales are known as following: Ordinal scale, Nominal scale, 
Interval scale, and Ratio scale. 
Also, there are several elements required to constitute a visual display. From Bertin’s book [34,35], 
he described a display primitive classification model dividing the output primitives of representation 
into four categories, diagram, networks, maps, and symbols. Bertin splits these into components that 
represent the dimensions of the output primitive, with each output primitive split into three 
categories of either point, line or area.  (Figure 16.)  
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Figure 16. Sample of output primitive components 
And for visual variables, Bertin also described six representation methods, named Retinal Variables 
(Figure 17.), of shape, orientation, color, texture, value, size. Each variable can be classified using 
the basic component: points, lines and areas. Moreover, color may be described by Hue, Saturation 
and Brightness, and attributes such as transparency, and animation may be added as well during the 
process .  As we expanded the study of Bertin and Roberts, the retinal variables can be explained in 
Figure 18.  
Figure 17. Retinal variables example proposed by Jonathan C. Roberts after Bertin 
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Figure 18.  Expanded retinal variables demonstration table based on Bertin and Roberts’s theory. 
2.6. Study of Visualization process 
So far there are several data visualization models exists that we could use as reference to guide 
people to conduct visualization for data. In this research, we mainly studied 2 models. One is Card’s 
visualization reference model, and another one is the schematic diagram of visualization process 
created by Colin. By studying these two models we could learn the basic process of visualization, 
especially what role of human factor played in the process.  
2.6.1. Card’s Visualization reference model 
Card’s model (Figure.19) indicated that visualization process requires raw data formed into a certain 
sort of data table by relations as input, by using different display methods, the data could be 
presented in graphic. Adjustment of graphical parameters such as position, scaling, or clipping, the 
visual structures could enhance the cognition of data itself and transform it as new information and 
then rejoin the whole process. The interesting part in this model is he indicated the necessity of 
human interference. This model explains that human interaction happens in every phase of data 
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visualization as data transformations, visual mappings, and view transformations.  
"  
Figure 19. Demonstration of Card’s Visualization reference model[36] 
2.6.2. Colin’s schematic diagram of visualization process 
"  
Figure 20. Demonstration of Colin’s schematic diagram of visualization process 
After Card, Colin proposed another model called schematic diagram of visualization (Figure.20) 
added another element of social environment that affects the visual and cognitive process. Same as 
Card’s concept, he also indicated the human interference to this process which are data gathering, 
data exploration, and data manipulation. And after data manipulation, the data result will be refilled 
into graphic engine, which refers to any kind of computer technology such as visualization software 
or open-source visualization methods. 
Both these models of visualization process indicated the essential necessity of human factor. 
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However, there is no further specific describe. And in this research, we believe that it is the different 
intentions or analyze goal or purpose of human influence the final choice of representation for data.  
2.7. Study of Existing Classification Models for information representations 
To understand how people chose the appropriate representations for data, we also require 
understanding the several of representations and how they display. In this section, we studied two 
classification models. One is Bertin’s display primitive classification model, another one is robes 
visualization display model.  
2.7.1. Bertin’s display primitive classification model 
Regards to classification of information representations, we believe Bertin is the first person who 
created a model for visual representations named ‘display primitive classification model’. He 
categorized the visualization displays as Diagrams, Networks, Maps and Symbols (DNMS) 
described in Figure 21 [37,38]. 
"  
Figure 21. Example of Diagrams, Networks, Maps and Symbol display classification of Bertin’s 
display primitive classification model 
Diagrams include bar charts, scatter plots, histograms and any sort of basic graph; 
Networks describe trees and path of connections; 
Maps include any geographical maps and diagrams that the positions are constrained by a “real life” 
object. Which means picture such as brain x-ray could also be classified as map. 
Symbols include signs and icons which basically derived from actual object. 
According to his study, his theory indicated that a display such as brain x-ray could also be classified 
as map because it visualizes the information of positions. However, this classification is still in a 
wide range. If we look some examples recently, it is not hard to see many geography maps has been 
applied in diagrams or networks as well.   
2.7.2. Roberts visualization Display Model 
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Robert’s model of visualization display model is based on Bertin’s Classification method which 
divides visuals into 4 segments as classifiers: Diagrams, Networks, Maps, Symbols, and multiple 
views represented with letter X, then Robert added Retinal Variables(R) and Composite (C) as 
another two classifiers to improve the model. Robert also represent the number of components as a 
power, a scatter plot diagram could be represented by D2, and a temperature gauge could be 
represented by S0R1. Combine with the utilization of image space in categories of: r(regular), 
i(irregular), c(circular) and p(perspective arrangement), the classification result explained by Figure 
22. 
"  
Figure 22. Robert’s DNMSC display classification model[39] 
This algebraic representation could provide as a useful equivalent labeling strategy. As an 
improvement, he added a new of C(Composites) to categorize the new representations such as 
network with size value.  
According to our study, we believe there are two essential problems that influence people from 
creative output: 
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1. No specific describe of how human factors influence the output 
Both models of visualization process indicated the essential necessity of human factor. However, 
there is no further specific describe. And in this research, we believe that it is the different intentions 
or analyze goal or purpose of human influence the final choice of representation for data.  
2. Wide range of definition and lack of practical model that could use for visualization process 
Both these two models are based on the existing representations for information.  However, for the 
process of information visualization and especially data visualization itself, labeling or categorizing 
shows its limits when create new visual representations. To achieve a more subdivided and practical 
model that could prove the limits of current representations and contribute to the innovation of 
visualization we need to verify the limits and the relationships between visual representations and 
human intentions. 
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Chapter 3 Proposal 
2.8. Preparation phase 
Currently, some system or tools automatically help user to create visualization by their requirements. 
These tools generate assigned visualization by input specific data. To find out the purpose and 
requirement when user conduct the visualization process and choose visual represents.  
"  
Figure 23 Mainstream visualization tools (software) 
According to our research on the well known software review site: g2.crownd, we found out several 
potential targets using keywords such as data visualization, diagram, data, business intelligence, 
analyze, etc. Based on the describe from their profiles and user reviews, and also the visual output 
they could achieve, especially on diagram and chart, we roughly mapped them from a basic level 
performance to high performance as Figure 23.  
Furthermore, G2 Crowd scores products and vendors based on reviews gathered from our user 
community, as well as data aggregated from online sources and social networks. They apply a 
unique algorithm (v3.0) to this data to calculate the customer Satisfaction and Market Presence 
scores in real time. According to g2.crown Grid, their official analyze result based on users’ 
feedback. By considering the function and performance of visualization, we finally picked up five 
software type of tools and one visualization library as our research targets.   
1) Basic tool: 
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Microsoft Excel 
2) Medium performance tools: 
Power BI 
Pentaho EE/CE 
3) High performance tools: 
Tableau 
Qlickview 
4) Other: 
D3.js 
The first category is basic tool, based on our research, Microsoft Excel is the most well-known 
spreadsheet type of software. The advantage of this tool is allowed user to do data integrity and 
visualization in the same platform. Also, its output such as csv from of data is the base for most data 
visualization tools.  Therefore, it is necessary we include it in our research.  
And for the reason of selecting the next four tools, we could see from the result of G2 crowd grid by 
their performance and function indicated in Figure 24.  These four tools covered most area from low 
performance to high performance. Each of them could be considered as efficient research sample to 
represent other similar products.  
"  
Figure 24. G2 Crowd Grid mapping result (Keyword: business intelligence) [40] 
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Beside these five graphical visualization tools, we also picked up a visualization library, D3.js, to 
research for a wider range regarding to data visualization. 
2.9. Research on Existing Representations 
1. Microsoft Excel 
This tool is probably one of the most wildly applied spreadsheet as the industry standard since 
1993. It features data integration, calculation, and graphing tools. It provides a platform for user 
to able to analyze data, manipulate data and carry out basic visualization as well. According to 
our research, the visual representations that Microsoft Excel could achieve are as following: 
"  
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2. Power BI 
Power BI is also proved by Microsoft however this tool is towards to business analytics. The 
difference compare to Microsoft Excel is it provides interactive visualizations; also users can 
self-service create a dashboard kind of output. That means users could receive customized visual 
output by changing parameters of these representations we collected from Power BI are as 
following. 
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3. Pentaho EE/CE 
Pentaho is an open source product. Similar to Power BI, the visualization output can be 
interactive. But the difference of Pentaho EE/CE is it can also carry out data integration and 
other advanced data processing. According to our research, the representations that Pentaho EE/
CE could achieve are as following: 
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4. Tableau 
Tableau is an interactive data visualization product focused on business intelligence. Same as 
Power BI and Pentaho EE/CE, this product allows user to generate interactive graph. Tableau 
has a mapping functionality, and is able to plot latitude and longitude coordinates. According to 
our research, representations we collected from Tableau are as following. 
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"45
5. Qlikview 
Qlikview is also visualization software especially focused on business intelligence field. The feature 
of it is the flexibility this product could provide and it’s high customizable. This product provides 
several interactive visualizations we collected as following: 
"  
"
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6. D3.js 
D3.js is a JavaScript library for producing dynamic, interactive data visualizations in web 
browsers. It makes use of the widely implemented SVG, HTML5, and CSS standards.D3.js has 
been used on hundreds of thousands of websites. Some popular uses include creating interactive 
graphics for online news websites, information dashboards for viewing data, and producing 
maps from GIS map making data. In addition, the exportable nature of SVG enables graphics 
created by D3 to be used in print publications. According to our research, we found out 
visualization s that D3 could achieve are organized into two categories. The category of basic 
contains representations in common that many other visualization software can also achieve. 
And for the category of other, it has many unique representations as we collected as following.  
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 Other type of visualization that not very common in general data visualization tools as above:  
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2.10. Result of the research on existing representations  
As a result, we summarized all chart or graph samples we collected in the following Figure 25. In 
this table, we mapped these sample charts their quantities of information. According to this table, we 
could find out that representations such as bar, column, pie, bubble charts are most common for data. 
And also, not all type of representations is applied in these visualization tools.  
"  
Figure 25. Table of basic representations for data (full version attached in Appendix) 
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2.11. Structure classifiers 
From a perspective of data content, text data such as labels, column heads or stub head could be 
represented by letter item and numbers could be represented by Figure. Then by sorting out the 
structure between item and Figure, data table could be concluded in three types in data structure 
graphs as following: 
1). Item crowd (textual structure type) 
This type of data (Figure 26) usually contains a series of textual information which mean that only 
item appears in data structure. When using visual presentations to visualize this sort of data, it 
requires people to manipulate it into a certain number form. 
2). Statistical & Numerical 
This type of data (Figure.27) is basically formed by item and Figure with a certain rule which is 
defined by the context sample filled in item. 
3). Correlative 
Correlative data type (Figure 28) is very similar to the statistical & numerical type of data; also it 
could certainly be converted from the former data. However, the numbers represent more than one 
level of item, corresponding to the definition of both column heads and stub head. 
4). Combination ҁcross-over between the former types) 
"  
Figure 26. A textual structure type of table example 
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"  
Figure 27. Statistical & Numerical type of table example, population age 65 and above(%total) 
"  
Figure 28. Correlative data sample of estimated bivariate correlations among tolerance scores 
2.12. Human intentions on data visualization 
To understand how human, interact with data and comes up the idea for visualization, we need to 
learn the intentions behind the process about how people chose the right representation. Currently, 
there are several different categorize theories in this area. The chart suggestion landscape Figure 29 
created by Abela has great referential value for us to go deeply [41].  In this landscape, it indicated 
that there are four directions that people intent to move towards, which are Composition, 
Distribution, Comparison, and Relationships. The charts are categorized by the quantity of viable, 
which is very close to our concept of data dimension proposed during the verbal description process. 
However, in this landscape, data form or display dimension are not included.  
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Figure 29. Chart suggestion landscape created by Abela 
Based on our study of data dimension and the scale, we believe that time is a subjective factor 
compare to other variates. In addition to the four intentions above, we consider visualizing data set 
which contains a certain time period could be subdivided into another category : Transition.  
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Figure 30. Human intention-driven visualization process model 
Therefore, we considered the visualization process may change under the interference of these 
factors. Thus, we proposed a human intention-driven visualization process model as Figure 30. As 
we consider that the human intentions play important role as a bridge that connect data and visual. 
And the process of visualization is repeating circle that passing through these factors every time.  
2.13. Classification of visual representations on a perspective of human intensions 
We refreshed the relation between data type and corresponding visual representations. As a result, 
we improved the former one and proposed an updated classification model. We sum up the general 
display samples from the catalog research of six visualization tools. By marking off the difference 
between each display sample with their data structure and functions, these samples could be 
classified in five intention we mentioned at last section and also connect with their data structure 
type, the detailed classification is explained in Figure 31. This classification deepens our 
understanding of visual representations for data. 
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The specific explanations of the five human intentions for using representation for data are as 
following: 
Composition: The display output consisted by several parts that represents the whole. To show 
how a single entity can be broken down into its component elements. 
Distribution: Using visual components that shared out among a group or spread over an area. 
Show values in a dataset and how often they occur. The shape of a distribution can be a 
memorable way of highlighting the lack of uniformity or equality in the data. 
Comparison: Using visual output as display for consideration or estimate of the similarities or 
dissimilarities between two groups of data. Show size comparisons. These can be relative or 
absolute. Usually these show a counted number rather than a calculated rate or per cent.  
Connections: Using visual display to show the relationship of data linked or associated with other 
group or category of data. 
Transition: Using visual output to display the process of transmitting in a certain period. Give 
emphasis to changing trends. These can be short movements or extended series traversing 
decades or centuries. 
In conclusion, combine with the previous research on visualization process, we expect this 
classification model to contribute to improve and expand the existing process. As we classified the 
human intentions into five categories including specific Figure samples, when human interaction is 
involved in during the visual form process, this model could provide a reference for user to judge 
and point out a clear direction for creating appropriate visual display and representations for data. 
Also, back forward the process, according to which visual display users are intended to achieve, this 
model could guide the path to the source of required data form. 
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Figure 31. Data visualization reference model refer to human intentions 
(full version attached in Appendix) 
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2.14. Description of visual representation 
For a further study of the limitation of these representations for data, we proposed a hypothesis that 
using verbal descriptions to resolve each representation. By understanding the output primitives of 
graph and diagram, we consider a diagram could be described at least by four categories as 
following. However, after reviewed the collected samples with the output primitives, we discovered 
that retinal variables such as color, texture are usually not driven by the data itself nor quantification 
factors. In some software that people are using to generate visualization today, users could easily 
change them by adjusting the setting parameters. And the alteration has no effect on the main 
function of a specific chart but it has an objective of personal expression that could help users to 
highlight the information by intentions. Therefore, we excluded it from the description categories.   
1. Data dimension: it’s the entry point to numeric facts that reflect on the data table for 
visualization. It refers to the data table, and this could be 1D (a single axis), 2D or 3D (multiple 
data tables with separate axes). The display dimension refers to the visual output itself which 
could also be categorized from 1D to 3D.  
2. Display dimension: dimension that visual output could achieve or form, it’s can be controlled by 
data partially;  
3. Scale (ordinal scale, nominal scale, interval scale, or ratio scale); 
4. Components (point, line or area);  
For instance, from the aspect of data dimension of a column chart, a sample from collection (Figure 
32), requires data including the main axis value and quantity values which in this sample are the 
price of wheat and week. These dimensions are essential in order to create this chart. The values 
allow the visual display to describe the interval scale: weekly.  
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. Figure 32. Column chart example, Prices of wheat and weekly wages Chart from 1565 to 
1821 created by Wiliam Playfair in 1821 [21]  
By sorting these four categories with collected samples, we concluded a description of the column 
chart shown as Table 1.  
Table 1. Column chart detailed description 
"  
Data dimension is considered as a precondition that would not be converted to other form during the 
data visualization process. We believe to achieve a specific visual display; display dimension, scale 
and components are three key factors that could affect the final visual representation. 
In previous section, we summarized a visual display model. We repeated the process of describing 
those visual display samples in four categories indicated above, we completed the descriptions for all 
21 common diagram samples which is shown in Table 2.  
In this summarize, we found out visual display such as a column chart and area chart both have very 
similar description. The difference between them is the scale they represent and the components that 
used in them. Also, sunburst chart and tree map, even they have two different outputs, but only show 
little distinction from the description of their display dimension. Therefore, we believe the subtle 
difference is the reason that eventually created two totally different type of visual output. 
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Table 2 Verbal description summarize of chart samples (full version attached in Appendix) 
2.14.1.Scope of common visual representations 
Based on the verbal description, we convert the descriptions of data dimension, display dimension 
and scale of each visual sample to numerical values. For instance, 1D/2D/3D equal to 1, 2, 3, and the 
quantity of scales that each visual sample could apply is marked as 1 to 4. Then we conducted 
mapping for all visual samples we collected. The result of mapping was not satisfied our 
expectation. As we could see in Figure 33, we used scatter chart to visualize them however due to 
the similar value between each sample visual. The final result could not describe the problem of 
current visual representations.  
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Figure 33.  Scope of common visual representations based on verbal description 1 
As the result of mapping above, we realize the need of changing strategy and visualization method. 
So, we proposed a second scope mapping by using radar chart instead. Then, as we calculated the 
values of gathered samples we generated a scope of common visual representations as Figure 34, 
each longitude line represents one visual sample. And the shadows represent the three variables of 
Data dimension, Display dimension, and Scale quantity. This scope seams present an overall view of 
the ability that common visual presentations could cover. On the basis of the analysis above, we may 
draw a conclusion that the gaps in this scope indicate those common representations for data are 
only a part of possibility of visualization method.  
However, in a strict sense, the scale quantities are hardly to nominalize into numbers and mapping 
with data dimensions and display dimensions together. To achieve a more precise and correct 
mapping that could help us to draw out reasonable and pregnant relations between data, display, 
scale and component, a different mapping method is required.  As a consequence, we expect by 
changing the variables it could lead to creating new visual output representation for data. 
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Figure 34. Scope of common visual representations based on verbal description 2 
After testing several different mapping and visualization means, we decided to use network graph to 
display the relation between the samples based on the verbal description. According to the 
visualization result in Figure 35, we could learn that general representations for data are made of 2D 
in data and display. And to represent statistical information, components like line and area are 
applied more often than the other. Furthermore, from the samples we collected, only a small amount 
of them are used for visualizing the scale of interval or nominal.  
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Figure 35. Visualized Scope Landscape of common diagrams based on verbal description summary 
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2.14.2.Comparison between common diagrams 
From the landscape we found out that visual displays such as the sun burst chart and tree map 
diagram have same descriptions. However the output representations show an extremely difference 
(Figure 36).  
"  
Figure 36. Description of Sun burst chart and Tree Map diagram and their symbols 
The differences between them are the scales they represent and the components that they use. In 
some cases, such as the sunburst chart and the tree map, although these generate two different 
outputs, there is little distinction between the descriptions of their display dimension. Therefore, it is 
believed that other reasons have eventually created two totally different types of visual output.  
From the previous research, we have learned that Bertin summarized a retinal variables, of shape, 
orientation, color, texture, value, and size can be classified using the basic component of point, line 
or area. Moreover, Roberts also mentioned that color may be described by saturation and brightness, 
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and attributes such as transparency, and animation may also be added during the process [23]. Apart 
from these known variables, we believe there still have other factors that define the difference of 
representation. By analyzing and comparing these two diagram, we found out a difference on the 
patterns of their component’s distribution trajectory and directionality result in the difference of the 
output which we explained in Figure 37. For instance, both the trajectory distribution and 
directionality of their components are linear with low dimensions, we assume that if we change these 
two features by means of other visualization tools or environments such as VR (virtual reality) or 
AR (Augmented Reality), we may achieve a new representation based on same data. 
"  
Figure 37. Different pattern of distribution trajectory and directionality by using component “area” 
between Sun burst and Tree map diagram 
Figure 38. Description of pie chart 
Moreover, as we use pie chart as an example,  the pie chart represents a scale of ratio between the 
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data, and if we look the scope, we could find out that both dimensions, components used in this chart 
are quite limited (Figure 28). So if we could change the elements in a different perspective, we could 
come out some totally different output (Figure 39). 
Figure 39. example of revised pie chart using proposed concept 
Therefore, we believe by adjusting these variables, people could achieve new representation based 
on same data. Therefore, based on our description method, we could review a diagram in different 
perspectives. Using this method with more analysis and comparison of the actual examples, we 
expect to extract more potential variables that could be contribute on creating new representation for 
data visualization in the future study.  
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3. Verification 
3.1. Use Case Study 
In this section, we introduce two use cases as verification for our proposed hypothesis in actual 
design process.   
And in this research, we aim to verify how our proposed intention-oriented classification model and 
description method could contribute for changing perspective of design during the visualization 
process. The two use cases are: 
Use Case 1: Visualization for data analysis result 
Use Case 2: Visualization for data present in an APP 
3.2. Background of Use Cases 
The growth of the Internet of Things has been a global trend in many areas. Many industry experts 
and consumers consider it as the next Industrial Revolution in a certain degree. It also provides a 
new way for businesses, governments and consumers to interact with the physical world. Currently, 
many companies have drawn up digital solutions that combine artificial and human intelligence and 
help clients make more informed decisions and improve outcomes then achieve the innovation of the 
whole society. 
For this sort of platform, Data are the base, to make this process effectiveness we need to conduct 
the process properly to fully utilize data with appropriate design and visualization. Especially for 
specialist such as professional annalist, they often face a problem of how to convey their intentions 
to people and make them understand what they are expressing.    
The two cases are both user interface design case regarding to data visualization. However as they 
serve for different targets in business, these two use different data and also generate different form of 
output as analysis result. A detailed introduction of the data form, output image, and goal are 
demonstrated in Figure 40. 
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Figure 40. Detailed introduction of two use cases 
3.3. Use case 1 
3.3.1. Introduction 
For Case 1, sales data, product price, customer age, or any other kind of data are collected and fed 
into the data analyze system, and the system uses its own algorithm to generate parameters that 
could affect the client’s KPI (e.g. gender distribution, age distribution, and occupation of users of a 
product/service). Ideally, clients could use these parameters to implement concrete measures that 
help to improve their KPI . 
3.3.2. Subject 
The main user in case 1 is analyst who uses this tool to analyze the results of the big data analyze 
system. That means they have the analysis knowledge. However in most time the clients may have 
no IT background and little analysis knowledge regarding to this special field. Therefore, as 
designer, we are required to present efficient and innovative visualized output to help them improve 
their understanding.  
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3.3.3. Before applied proposed method 
"  
Figure 41. Due to the confidential policy, this is only a demonstration example of the data 
When the computer calculated all the data from clients, the analysts get the output of a list of 
parameters (Figure 41). And by sorting the correlation coefficient and effectiveness to the objective 
variable, analysts can pick out which parameter is the important index. According to different types 
of data, sometimes analysts could get thousands of parameters or even more. So with such a huge 
number of data, it will be very hard to choose the most valuable one.  
 
Figure 42. Visualization analyze process using proposed method 
According to our interview with those analysts, they mentioned using column chart or scatter chart 
to mapping those parameters according their value of correlation coefficient and effectiveness to the 
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objective variable, and then present the visualized format to their clients. As we used our proposed 
method to analyze the two visualization representations, we could understand their intentions are 
composition and distribution shown in Figure 42. However, even analyst use visualization such as 
chart or diagrams to help them to present explanations, there still has a problem that clients keep 
showing little interests on the analysis result or even feel bland in some cased. Also, there has a very 
interesting needs regarding to Artificial Intelligent specially, that clients expect a more surprised and 
different form of output.  
3.3.4. Application of proposed method 
By understanding the features of column and scatter charts according to our proposed method, we 
could learn they both has limitation on display dimensions and components (Figure 43). Therefore, 
in this case, we attempted to increase the display dimensions to a certain degree and expect to 
achieve a different form of output. 
"  
Figure 43. Description of column and scatter chart 
And as a result, we created several ideas, one demonstrated in Figure 44. This idea is named 
Gravitational Field. Based on our method, we changed the trajectory distribution of components of 
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normal scatter chart and simulate one of the variables: correlation to gravity. As a result, user could 
be able to focus on the most centered object, and that is also the important information that user 
require to know.  
"  
Figure 44. Visualization idea for case 2 
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3.4. Use case 2 
3.4.1. Introduction 
Currently, company has developed a technology to automatically create effective advice to increase 
employees’ activity level by using Artificial Intelligence. There has a name tag type wearable sensor 
that collects the massive amount of individual behavioral data which is then analyzed using 
information technology, and used to create and deliver personalized advice on actions automatically, 
such as communication advice in the workplace or time allocation advice that will contribute to 
raising individual happiness. The advice is delivered to user daily, and individual workers can check 
the daily advice on their smartphone or tablet, and choose to apply the advice in their daily activity. 
By putting the advice into practice, workers may change their work style, which is expected to could 
contribute on improving the productivity of the organization or company. [42] 
3.4.2. Subject  
In this case, the purpose of using graphical visualization is to deliver the intelligence to users’ 
directly through personal device and then enhance their understanding of the advices from AI and 
then improve the motivation of putting advice into action. 
However, in this use case, our target users are only ordinary employees, that means most of them has 
little interest or knowledge on AI or IT technology. One of the biggest challenges we are facing 
during the design process is how to visualize the abstract concept, more precisely, the “organization 
activation level”, to reach their understanding level.   
3.4.2. Before applied proposed method 
In this case, the data form of organization activation level is basically number. It is required to show 
the state of activation level to user. Also on side of user, they require a reference substance to 
understand if the organization activation level is good enough. Composition and comparison are the 
two intentions for visualizing from both analyst and end-user perspectives. According to the data 
visualization reference model refer to human intentions we proposed, first we decided to use 
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common representation, which is gauge chart (Figure 45).  
Figure 45. Visualization for activation level using gauge chart 
To serve the purpose of a better usability, we also did fine adjustment during the visualization 
process. We used the shape of circle to display the level numbers. The full circle shape represents the 
maximum of the activation level. And ratio of color filled part represents the value of the activation 
level that user gets. Beside the graphical part, inside the circle, we also display the number as direct 
information for user. We expected this chart to show user the state of the activation level and goal at 
the same time. And the benefit of using gauge chart is it could visualize the deficiency so we 
expected to motive user to reach their goal number. 
3.4.3. Application of proposed method 
After designed the first version, we carried out user interview to evaluate our design. And from their 
answers, we noticed that most users feel little sympathy on the concept of “organization activation 
level”.  As activation level has only value of number and however the gauge chart is more usually 
used to visualize ratio, it produced deviation between the value and visual output that made user 
confused about the meaning of organization activation level.  
After analyzing the problems in this case, we concluded that the obstacle for us to visualize the 
“organization activation level” is how to achieve the intuition of representation.  
According to our research of the verbal description summarize for chart samples, we could learn that 
the gauge chart has its limitation for representing data. It has low dimensions of display and it’s 
consisted two types of components (Figure 46). And in this case, we attempted to increase the 
display dimensions to a certain degree and expected to achieve the result of a better output. 
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 Figure 46. Verbal description for Gauge Chart according to our summarize 
Based on our study of component’s distribution trajectory and directionality pattern for display. We 
learned the gauge chart has a sense of oneness on both distribution trajectory and directionality. For 
improvement, we added more variables to visualize such as color, speed, brightness and size and 
created a new type of diagrams including multiple dimensions but only using single data, the 
organization’s activation level. As shown in Figure 47, we created a new representation that used a 
combination of several moving graphic objects moving in different speed and scale to represent the 
data value, we also added a range of color and brightness change display the differences of 
activation level from warm tone to cool tone.  
Figure 47. visualization output applied in actual user interface  
before applying the proposal method 
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3.4.4. Result of Use case 2 
After improvement of design, as qualitative evaluation, we carried out interview with 10 users to 
check the usability of our improved design, and all these users experienced two versions of design. 
According to their answers, most people committed that visualized and digitalized activation level in 
latter version is quite novelty in a certain degree and it helped them to learn the atmosphere of the 
organization very easily.  
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4. Discuss of Result  
4.1. Summary 
Data visualization has constantly evolved since the computer technology development. However, 
like the two sides of a coin, existing tools is also a limit that force people thinking within the 
boundaries. In our study of data visualization, and to achieve our three goals of  research: 
A) To resolve the birth and development of the information visualization and understand the 
history and present 
B) To understand what are the human intentions with data during the visualization process 
C) Explore the potential of visualization and achieve a better understanding between human 
and machine  
We followed the research flow in several steps: 
• Collected basic knowledge of information, data and visualization, understand the history and 
present. 
• Analysis the existing classification models for visual representations. And compared the 
differences of existing visualization process 
• Pickup mainstream visualization tools and carry out a research on existing visualization 
representations 
• Proposed hypothesis of a new visual display classification model combine with human 
factors  
• Proposed a verbal description schema and made connections between all factors that 
influence the output representations for numerical data. Explained the further explored the 
potential ability of visualization 
• Testified the proposal and carried out two use case study that applied our proposed methods. 
During the use case study, we created new visual output separately. 
In this paper, we described several good classification models. Berlin developed a very useful model 
that even for modern visualizations. It is useful for labeling and categorizing. And Robert’s algebraic 
representation model improved the classification model that it allows user to conduct an equivalent 
labeling for different display method. However, as we noticed the limits when people create new 
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visualization based on these models. Both of the models could help user to categorize the existing 
visual representations, however, when user try to create appropriate graph or diagram, these models 
are not very practical. Even though many automatic visual generators have been wild applied, the 
perspective from human is always playing an important role in terms of the visualization process. 
The human intention-driven display classification model we proposed in this research conduces to 
guide the user to choose right display method and point out a direction.  
Also we proposed a verbal description schema that is able to help to describe the core factors of the 
common visual representations. Our study on visual representations description shows that the 
common visual display method that user used are only a part of data visualization we could achieve. 
Those users may be tied by the familiar techniques, tools and their way of thinking. We described a 
possibility to achieve new type of data visualization by comparing the difference between the 
description of diagram or chart. 
Furthermore, we also conducted two use case study in this research. As a result, we were unable to 
draw actual sample of visualization by changing the core factors with our proposed method. And it 
proved that it is possible that the alteration of display dimensions, scale or components could cause a 
change to the final visual output. Therefore, with our proposed method it could help to explore the 
potential of data visualization.  
4.2. Future Challenge 
Further research should be done to see if this sort of modification could lead us to the innovation of 
data visualization. This theoretical hypothesis shows promise for the future and is certainly worth 
pursuing additional research. 
At the beginning of this research, we reviewed the history and evolution of diagram form of 
representations, according to our study, we indicated that diagram has been constantly evolving with 
the development of computer technology. However, the existing tools generate limits that constrain 
people to think within boundaries.  
As a proposal for solution of this subject, we suggested a method of verbal description to define the 
diagrams in four categories of components, data dimensions, display dimensions, and scale. By 
means of comparison on descriptions result, the process could contribute to analyze potential 
variables for creating new representation. Further research should be done to see if this approach is 
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effective and how it would affect current data visualization process in different environment such as 
using AR/VR technology and is certainly worth pursuing additional research.  
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Appendix 1 
Figure 14. Landscape of evolution of diagrams and visualization methods, samples mapping in a timeline of their 
creation time or period. 
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Appendix 2 
Figure 25. Table of basic representations for data
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Appendix 3  
Figure 31. Data visualization reference model refer to human intentions
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Appendix 4  
Table 2 Verbal description summarize of chart samples
